Purpose Treatment of head and neck cancers (HNC) often leads to impairment in speech and swallowing functions. This study evaluated swallowing problems and the impact of complications on swallowing-related QOL after free flap surgery for HNC. Methods Swallowing-related QOL was assessed using MDADI and SWAL questionnaires. Results Of 45 assessed patients, 25 (45.5%) had at least one postoperative complication. Patients reported less than < 86 points in 8/9 SWAL-QOL domains. The SWAL-QL total score or MDADI composite scores were not related to surgical complications. Those with medical complications had lower scores in SWAL-QOL domains of mental health (82.8 (21.8) vs 65.5 (24.2), p = 0.024) and sleep (77.6 (23.0) vs 52.3 (24.3), p = 0.003). Conclusions In conclusion, swallowing related QOL is significantly impaired after 2 years of the tumor resection and free flap reconstruction for cancer of the head and neck, when using the cut-off value of 86 points in SWAL-QOL assessment tool. Surgical complications did not have an impact on swallowing-related QOL but medical complications were related to impairment in general QOL-related domains.
Introduction
Cancer of the head and neck and its surgical and oncological treatment include high risk of complications and also the reported 5-year mortality is high [1] . Moreover, the operative care often leads to impairment in every-day life functions such as swallowing, speech, and physiological airway. Despite of the development in the treatments, dysphagia is still a common problem in this patient group and may have a significant impact on quality of life (QOL) [2] [3] [4] .
The few available studies report the swallowing problems as a part of disease-specific QOL or focus on evaluating the function and physiology of swallowing, but not its impact on QOL [5, 6] . Accordingly, various methods have been used in studies reporting the impact of free flap reconstruction on swallowing problems and the results of these studies are partly contradictory [6] [7] [8] [9] . Despite the reasonably high rate of postoperative complications, their role in swallowingrelated QOL is also unclear. It could be hypothesized that surgical complications resulting in prolonged recovery and impaired postoperative function could have a major impact on the swallowing-related QOL. Therefore, we determined to evaluate the impact of postoperative complications on swallowing-related QOL using swallowing-specific QOL questionnaires in head and neck cancer patients operated with free flap reconstruction.
Methods
This study was conducted in Oulu University Hospital and the study protocol was approved by the hospital administration (239/2016) and local ethics committee (The Regional Ethics Committee of the Northern Ostrobothnia Hospital 95/2016). The present study is a substudy of our previously published paper examining general QOL in relation with postoperative complications in patients with free flap reconstruction due to cancer of the head and neck [1] .
Study population
Between 31st of January 2013 and 31st of December 2016, there were a total of 90 patients that underwent free flap surgery due to cancer of the head and neck. Of these, 53 were still alive at the time of assessment. We assumed that swallowing-related quality of life is impaired in those with intra-oral or laryngeal tumour. Of the total 53 patients, five had maxilla tumour, two had melanoma, and one patient had lymphoma. These patients were excluded, resulting in 45 patients, whose reconstruction affected the anatomy and function of oral cavity or larynx.
Procedure
The swallowing-related QOL of patients was assessed by interview using validated tools (SWAL-QOL and MDADI) [10, 11] . To assess general QOL, RAND-36 tool was used [12] . Mean time from operation to interview was 111.2 weeks (SD 48.6).
Swallowing quality-of-life questionnaire (SWAL-QOL)
SWAL-QOL consists of 44 questions assessing ten QOL domains: food selection, burden, mental health, social functioning, fear, eating duration, eating desire, communication, sleep, and fatigue. Sleep and fatigue contribute to general QOL, whereas the other domains are contributors to dysphagia-specific QOL. For analyzing the results, each scale is constructed using Likert`s method, which equally weighs each item and sums them into an overall scale sore. All scales are transformed to a 0-100 metric, 100 indicating the most favorable state and 0 the least favorable, and scores in between representing the percentage of the total possible score achieved. SWAL-QOL is developed to assess the impact of oropharyngeal dysphagia in neurologic diseases, but has also been used in other conditions causing swallowing problems, i.e., head and neck cancer [10, 13, 14] . The total SWAL-QOL score includes 23 items from seven domains (communication, sleep and fatigue not included) [10] . A cut-off value of 86 is used to determine significant impairment of swallowing-related QOL [15] .
M.D. Anderson dysphagia inventory (MDADI)
MDADI is validated and a reliable self-administered questionnaire designed specifically to measure the impact of swallowing problems on QOL of patients with cancer of the head and neck. It consists of four subdomains: global (one question), emotional (six questions), functional (five questions), and physical (eight questions). The global question illustrates patient`s overall QOL and the other domains indicate the impact of dysphagia on patient`s affective response, daily activities, and self-perception. Each item is rated from one to five on a five-point scale. The global question is scored individually, while a sum of the other scores and a mean score are calculated. This mean score is multiplied by 20 to obtain a MDADI total score with a range of 20-100; the higher the score, the better the QOL [11, 16, 17] .
The RAND 36-item short-form health survey (RAND-36)
The RAND-36 consists of 36 questions in eight health domains: physical functioning (ten questions), role limitations due to physical health problems (four questions), pain (two questions), general health (five questions), energy/ fatigue (four questions), social functioning (two questions), role limitations due to emotional problems (three questions), emotional well-being (five questions), and one question concerning change of health during the last year. The answers for each domain are transformed a score between 0 (worst) and 100 (best). Physical and mental health summary scores can be derived from the eight domains. The RAND-36 is widely used to compare the health-related QOL of general and specific populations. It is also often used for testing validity and reliability of new QOL instruments. The RAND-36 was introduced in 1990's and has been used worldwide for decades [3, 12] .
If a patient had at least one RAND-36 domain score less than − 2SD below age-adjusted population values, QOL was considered poor.
Data extraction
Patient demographics were retrieved from the medical records. The recorded complications included surgical and medical complications. The classification of complications is the same used in our previously published study focusing the postoperative complications in this same patient cohort, including all the patients who were operated due to cancer of the head and neck with free flap repair in Oulu University Hospital during 2008-2015 [1] .
Statistical analysis
Continuous variables are presented as mean and standard deviation (SD) and categorical variables as numbers and percentages (%). Non-parametric Mann-Whitney test was used to compare continuous variables and Pearson's Chi-square or Fisher's exact test for categorical variables. A p value below 0.05 was considered statistically significant. Statistical analysis was performed using SPSS software.
Results
A total of 45 patients were included into the analysis, which of 25 (45.5%) had at least one recorded complication. Of those with recorded complications, 20 (80%) had surgical complications and 11 (44%) had medical complications. The frequencies of the recorded complications are presented in Table 1 . Ten (40%) of the patients with recorded complications had been reconstructed with ALT (anterolateral thigh) as free flap (Table 2 ). Eight (32%) of the patients with recorded complications had at least one RAND-36 domain below − 2SD of age-adjusted general values in contrast to one in uncomplicated patients (p = 0.024).
Swallowing-related QOL assessed using SWAL-QOL and MDADI
There were no differences in SWAL-QOL domains except sleep or any MDADI domains between patients with or without postoperative complications. All SWAL-QOL domains except fear of eating were below 86 (Tables 3, 4 ). There were no differences in swallowing-related QOL between patients (Table 5) .
Discussion
The main finding of our study is that swallowing-related QOL is still impaired after 2 year recovery from free flap surgery for the cancer of head and neck; more than 60% of the patients had significantly impaired swallowingrelated QOL when using the SWAL-QOL cut-off value 86. Interestingly, we found only minor relation between complications and swallowing-related QOL; the scores for SWAL-QOL domains "sleep" and "mental health" were lower in those with medical complications. These domains are likely to be less swallowing-related instead of general domains. Finally, according to our results, impairment in swallowingrelated QOL is not easily detected using RAND-36 tool.
There are no previous studies focusing the impact of complications on the swallowing-related QOL. Previous studies are mainly focusing on swallowing function at 6 and 12 months [5] have used general QOL tools [7] or have assessed swallowing by diet [8] . Interestingly, in our cohort, the SWAL-QOL scores were equally below 86 despite surgical complications were absent or not. This could be explained by the recovering period; patients were interviewed more than year from the operation. According to previous studies, 1 year is a time period which is needed to achieve a stabile state or a return to pre-treatment level in head and neck specific symptoms after operation [2, 18, 19] . When interviewed more than 1 year from the operation, the patients with surgical complications might have achieved sufficient recovery, even when taking into account that in the present study, the recorded surgical complications can be considered major; for instance, 70% of those with surgical complication required exploration or reoperation. In addition, the large reconstruction of the oral cavity or laryngeal area has a deteriorated effect on swallowing function itself which can hide the impact of surgical complications on swallowing-related QOL [5] .
In our patients, the medical complications had an impact on swallowing-related QOL in SWAL-QOL domains of sleep and mental health. These domains present rather general QOL instead of disease-specific QOL or functional problems in daily life. In addition, nearly, all the patients with medical complications reported SWAL-QOL less than 86. These results are in line with our previous findings concerning general QOL in this patient group and highlight the important role of medical complications on compromising the recovery process [1] .
Clinical impact
According to our results, recognition of risk population for swallowing problems is demanding. It is previously reported that patients with tongue, soft palate, and laryngeal reconstructions are in risk of impaired swallowing function postoperatively, but we were not able to show any other patientrelated risk factors [4, 5, 20] . We found a relation between RAND-36 values and impaired swallowing-related QOL life in 3 of 7 RAND-36 domains, which were more or less linked to psycho-social aspects when assessed using SWAL-QOL cut off value 86. Swallowing-related QOL does not automatically appear in general QOL measurements. Therefore, patients should be screened for swallowing-related problems in postoperative phase and logopedists and physiotherapists as well as nutritionists should be invited to the rehabilitation process. Moreover, prolonged follow-up should be established, since the data concerning spontaneous recovery are lacking. In our previous study, low preoperative albumin level and low BMI were indicative for 5-year mortality after free flap surgery for cancer of the head and neck [21] . These are often caused by malnutrition. Swallowing-related problems can cause further malnutrition postoperatively and by that impair the recovery process and also may have an impact on mortality.
Limitations
This study has its limitations. First, we were able to include a limited number of patients and a limited number of different of tumours. Second, the retrieved data concerning operative care, patient demographics, and postoperative complications were retrospective. Third, it would have been interesting if we could have been able to include objective measurement of swallowing function, i.e., naso-fiberoscopy in the present study. Fourth, we were not able to include assessment of nutritional status, such as BMI or albumin levels to the analysis, which could have had been compromised in those with deteriorated swallowing-related QOL. We also did not analyse the impact of other treatment modalities including oncological treatment on swallowing-related QOL.
Conclusions
In conclusion, swallowing-related QOL is significantly impaired after 2 years of the tumor resection and free flap reconstruction for cancer of the head and neck when using the cut-off value of 86 points in SWAL-QOL assessment tool. Surgical complications did not lead to impairment of swallowing-related QOL and patients with medical complications reported more often impairment in general QOLrelated domains such as sleep and mental health. 
